the well representing a titer of 1/10, and 15 a titer of 1/160,000.
Serum from Desensitized Animals . This serum for either in vitro or in vivo experiments was obtained by immunizing guinea pigs as above, and selecting those animals who exhibited the best generalized reduction in DH reactions. These animals were exsanguinated by cardiac puncture and the serum recovered, pooled, and stored at -4°C after passage through a Millipore filter .
Cell Cultures . Experiments were performed in which either guinea pig or human cells were stimulated in vitro with phytohemagglutinin (PHA-P) (Difco Laboratories), or PPD in a variety of test sera . Blood was drawn into a heparinized syringe and spun for 45 min through a FicollHypaque gradient (Pharmacia Laboratories, Piscataway, N. J .), and the lymphocyte layer recovered and washed three times in MEM containing penicillin and streptomycin . The cells were brought to a final concentration of 2-5 x 106/ml in MEM containing L-glutamine (Microbiological Associates, Inc., Bethesda, Md .), penicillin and streptomycin, and 30% serum. The type of serum is identified in each experiment . To 1 ml of cells in media was added 0.5 ml of media containing 1/400, 1/800, or 1/1,600 of the stock solution of PHA-P. PPD stimulation was achieved using 25 leg of PPD for guinea pig cells and 100,ug PPD for human cells . PHA cultures were terminated at 72 h, PPD cultures after 6 days, and in both cases cultures were pulsed with 1 .0 WCi of tritiated thymidine (New England Nuclear, Boston, Mass .), for the 24 h before termination . All cultures were performed in triplicate . Our laboratory's method for termination, harvesting, and scintillation counting have previously been described in detail (7) . The results are reported as stimulation indices with the mean value and standard deviation provided . The counts per minute from unstimulated lymphocytes are also provided so that absolute increases in counts per minute can be calculated .
Results
Prolongation of Desensitization by Daily Injections of Antigens . 18 guinea pigs were immunized with HSA and BGG in CFA and 9 were desensitized with daily injections of 2 mg of HSA and BGG from the 6th to 30th day postimmunization . The antigens inducing desensitization (in this case, HSA and BGG), are hereafter referred to as the desensitizing antigens while the antigen whose DH effect they block (in this case, PPD) is referred to as the indifferent antigen. DH skin reactions to HSA and PPD were sought in both the control group and the desensitized animals seven times during the 30-day period and the intervals and results are shown in Fig. 1 . Reduced responses to the indifferent antigen (PPD) could only be prolonged for 10 days by this regimen. Nonreactivity to the desensitizing antigen (HSA) continued throughout .
Humoral Immune Response to Desensitizing and Indifferent Antigens . To determine whether the repeated administration of antigen was inducing tolerance to that antigen, we measured antibody levels to both a desensitizing and an indifferent antigen during a 100 day period . 16 guinea pigs were immunized with HSA and OA in CFA . From the 7th to the 36th postimmunization day, eight were desensitized daily with 1 mg of HSA. On the 45th day after immunization all animals were reimmunized with HSA in CFA. Antibody to HSA and OA was measured each week by hemagglutination techniques and the results are shown in Table I . In both groups, antibody levels to OA (the indifferent antigen) rose steadily and remained high for the full 100-day period . Throughout the period of desensitization, even when DH responses to OA were markedly reduced, no significant suppression of either mercaptoethanol-sensitive or -resistant antibody to OA was observed . In comparison, while control animals developed and maintained high titers of anti-HSA antibody, the desensitized group exhibited an initial rise in HSA antibody and then a fall to very small titers and even reimmunization with HSA in CFA did not reverse this phenomenon . Onset of the fall in HSA antibody levels in the desensitized group was associated with a return of DH to OA. These observations suggest that the establishment of immunological tolerance to an antigen terminates the ability of desensitizing amounts of that antigen to suppress DH responses to indifferent antigens .
Success of Desensitization Related to Degree of Immunization . In outbred desensitized guinea pigs, the degree of nonspecific anergy induced by antigen injection is variable. Comparison of the size of DH responses to immunogens before desensitization and the subsequent production of desensitization demonstrates that the better the DH responses before desensitization, the better the nonspecific anergy after desensitization. 64 guinea pigs were immunized with HSA and BGG in CFA. DH responses to PPD, BGG, and HSA were measured on the 6th day and after 2 days of desensitization with HSA and BGG. As is shown in Table II , grouping the 32 animals with the best DH responses before desensitization reveals that these animals develop statistically better (P < 0.001) desensitization to both the desensitizing and indifferent antigens than the 32 animals with inferior DH responses after immunization.
Prolongation of Tuberculin Anergy with Three Consecutive Desensitizing Regimens. If nonspecific anergy reverses when tolerance is induced (vide supra), then immunization and subsequent desensitization with new antigens should restore the nonspecific anergy . To test this hypothesis 24 guinea pigs were immunized with HSA in CFA and desensitized with daily injections of HSA from the 6th day to the 55th day after immunization . As shown in Fig. 2 , the DH skin response to HSA diminished and remained minimal throughout . As previously observed, the DH skin response to PPD, the indifferent antigen, fell but returned after 10 days of desensitization with HSA. However, when animals were immunized with BGG in CFA on day 18 after the initial immunization and then desensitized with BGG from day 25, DH skin unresponsiveness to PPD was rapidly reinstated . Injections of BGG maintained this lack of DH to the indifferent antigen for 10 days ; the cycle was repeated again by immunizing and subsequently desensitizing with OA. In Fig. 2 , the mean values for the diameter of the induration induced by DH testing are given and the oscillations in PPD responses are clearly illustrated. This experiment demonstrates that (a) there is no exhaustion of the mechanism needed for preventing a DH response to the indifferent antigen; and (b) desensitization is again shown to depend upon sensitization.
Passive Transfer of DH using Lymphocytes from Short-Term or Long-Term Desensitized Guinea Pigs . Six guinea pigs immunized with HSA and BGG in 594 CFA were desensitized for 3 or 7 days before the transfer of peritoneal exudate cells to normal recipients . Two guinea pigs were required for sufficient cells for one transfer . Similarly, cells were transferred from 6 animals immunized 55 days before transfer and 6 similarly immunized animals who had been desensitized with HSA for 38 days before transfer, and with BGG for 29 days before transfer . In all, cells from 24 animals were transferred to 12 normal recipients . These animals were skin tested immediately after receiving the cells. Table III shows that cells from short-term desensitized animals and long-term immunized animals adequately transferred DH to normal animals. However, cells from long-term desensitized animals, while capable of transferring responsiveness to PPD (the indifferent antigen) which had escaped from the desensitizing influence, could not transfer DH to HSA and BGG (both desensitizing antigens) a finding that further strengthens the concept that true immunological tolerance to these antigens had been induced.
Effect of Transferring Spleen Cells from Long-Term Desensitized Animals to
Immunized Recipients . The spleens from the long-term desensitized Hartley guinea pigs detailed in Table I were larger than spleens from long-term immunized animals used as controls (mean, 520 mg ± 80 SD for control animals and 830 mg ± 95 SD for desensitized animals) . The spleen appears to be an excellent source of suppressor T cells (7) and we sought evidence for such activity in the large spleens. Eight inbred strain 2 guinea pigs were immunized with HSA and BGG in CFA and were desensitized for at least 25 days with HSA and BGG . 15 days before cell transfer, these animals were immunized with OA in CFA and desensitized with OA for the 7 days before transfer. DH to PPD was still suppressed by this regimen when spleen cells were harvested . Eight strain 2 recipients were prepared for cell transfer by immunization with Pic-GPA in CFA 3 wk before transfer. Four of these animals received pooled cells from the spleen of two of the desensitized donors . No suppressive effect of spleen cells from desensitized donors was observed in this system as DH responses to Pic-GPA were equivalent in the control and recipient groups . The mean diameter (millimeters) ± SD of DH responses to PPD and Pic-GPA were, respectively, 13 .5 ± 3.7 and 24.5 ± 6.4 for the control group, and 14.0 ± 4.5 and 22.5 ± 7.4 for the group given cells from desensitized animals.
Passive Transfer of DH after Exposure of Sensitized Cells to Serum from Desensitized Animals. A series of experiments were designed to look for a humoral suppressant ofDH in the serum from desensitized guinea pigs. In each, the desensitized serum was collected from animals known to have good generalized suppression of DH reactivity. Passive transfer of DH to normal animals was attempted with sensitized lymphocytes cultured in serum from desensitized animals. In another approach the effect on DH of an intravenous injection of this serum into immunized animals was examined. 18 guinea pigs were immunized with HSA and BGG in CFA and skin tested 3-4 wk later . A similar number of animals were immunized with HSA and BGG in CFA but were desensitized on the 7th and 8th days after immunization; i.e., the 2 days before cell harvesting . Peritoneal exudate cells were harvested from both groups and put into tissue culture for 16 h. For half of the cell samples, the culture media was constituted with 30% serum from desensitized animals. These short-term cultured cells were then transferred into four groups offour normal guinea pigs. One group received PE cells from immunized animals ; a second, PE cells from immunized animals cultured in the serum from desensitized animals ; a third, cells from desensitized animals ; and a fourth, cells from desensitized animals cultured in serum from desensitized animals . Exposure to the serum from desensitized guinea pigs could not be shown to interfere with DH transfer. In addition, eight guinea pigs immunized with HSA and BGG in CFA 3 wk earlier each received a 3 ml intravenous injection of the serum from desensitized animals and were then tested for DH to HSA, BGG, and PPD . No suppression of DH occurred.
Effect on DH of Injecting Serum from Desensitized Animals Directly into Skin Challenge Sites. 12 guinea pigs were immunized with Pic-GPA and HSA in CFA. 3 wk later all were skin tested with Pic-GPA, HSA, and CFA . Four animals were skin tested with a standard dose of antigen but into one flank the antigens were administered with serum from desensitized animals . Four animals were similarly tested except that half the normal skin test dose was used. A final group of four guinea pigs had desensitized serum injected into three skin sites on one flank 3 h before antigen was given into the same sites. In each case, DH responsiveness on both flanks were comparable, the serum from desensitized animals having no apparent effect.
Effect of Serum from Desensitized Guinea Pigs on In Vitro Responses of Cultured Cells to PHA . Dose response curves of the response of lymphocytes to PHA stimulation in either commercial guinea pig sera or sera from desensitized animals were constructed. PHA stimulation of lymphocytes from normal, immunized, and desensitized guinea pigs were compared in both types of sera ; no effect of the desensitized serum was observed nor were the cells from desensitized animals inferior in their response to PHA. Control values for unstimulated cultures ranged between 279 and 602 cpm.
Effect of Serum from Desensitized Animals on the In Vitro Response of
Lymphocytes to PPD. Can sera from guinea pigs in whom the expression ofDH to PPD has been markedly suppressed by injection of HSA and BGG similarly effect the in vitro response of cells to PPD? 14 guinea pigs were immunized with HSA, BGG, and OA in CFA ; 16 were similarly immunized but desensitized for the 2 days before cell culture, and 4 normal human subjects known to have strongly positive DH to tuberculin were bled and their peripheral blood lymphocytes stimulated with PPD in media containing serum from either normal, immunized, or desensitized guinea pigs . To be sure the lymphocytes were capable of response, PHA stimulation was performed simultaneously . As can be seen in Table IV , all cells responded well to PHA in any serum. However, both the sera from immunized and desensitized animals markedly reduced the cellular response to PPD. Certainly no suppression related to the desensitized state could be claimed. Guinea pig control counts from unstimulated controls ranged from 280 cpm to 497 cpm for PHA and from 480 cpm to 720 cpm for PPD . Unstimulated human cells had background counts of 376-674 cpm for PHA cultures, and 590-870 cpm for PPD cultures . Discussion Since its discovery in 1958 (3), desensitization has remained a poorly understood phenomenon . Administration of moderate amounts of an antigen to an immunized animal leads to a transient (3 days with one injection) loss of DH reactivity (2) . Desensitization can be induced in species other than guinea pigs (8) and has been considered to affect cellular rather than humoral immunity (9). It is not associated with a lack of available macrophages, the target cells in a DH response (1), nor is it due to exhaustion of antigen. Lymphocytes capable of specifically reacting to antigen with lymphokine release are present in the desensitized state (1) . We have previously suggested that DH reactions may be terminated by a feedback inhibition factor (FIF) which would act as a nonspecific terminator of DH (4) . Desensitization may represent an exaggeration of this normal mechanism induced by an intensive reaction between sensitized cells and large amounts of antigen resulting in a systemic effect . The fact that immunocompetent cells transferred into desensitized animals lose that competence and that immunocompetent cells regain their competence once removed from desensitized animals is consistent with an active suppressive state (3) .
The evidence presented herein supports the concept that the onset of desensitization is associated with the triggering of an inhibitory regulator for DH rather than the exhausting of a required cellular mediator. Once immunological tolerance is established to the desensitizing antigen, generalized anergy disappears . It is clear that cells sensitized to the indifferent antigens do not lose their responsiveness to the desensitizing mechanism as they respond repeatedly to new desensitizing regimens .
An hypothesis to explain desensitization would have antigen interacting both with sensitized effector cells and a subpopulation of suppressor T cells susceptible to exaggerated triggering by the desensitizing injections. Such suppressor cells would reduce ordinary reactivity of effector T cells either by cell to cell interaction, or by the release of a humoral factor (FIF) that in turn would interfere with the development of a DH response . The spleen of the mouse has been shown to contain much of the suppressor T-cell population (7) . It seemed likely that cells from this organ in long-term desensitized animals would have some suppressive effect on DH in immunized animals receiving these cells. In our experiment, this was not so despite the enlargement of the spleen in desensitized animals. This may have been due to the fact that nonspecific anergy, although present in the donor animals, was beginning to wane . If nonspecific desensitization in guinea pigs could be prolonged, it would make an attractive model for the nonspecific anergic state seen with human diseases such as leprosy (10) and sarcoidosis (11, 12) . It should be possible to reduce the dose of desensitizing antigen to a level that prevents tolerance induction, but preliminary experiments have pointed out the difficulty of doing this due to the development of immediate hypersensitivity reactions with the lower doses.
A humoral factor which can inhibit lymphocyte responsiveness has been reported in syphilis (13) , sarcoidosis (14) , mucocutaneous candidiasis (15) , and leprosy (10) . Thus, we were anxious to see ifserum from adequately desensitized animals was immunosuppressive . We found no supportive evidence for such a factor, and although none of our experiments eliminated this possibility, it is clear that if such a factor is present it is difficult to demonstrate . Our in vitro studies established that cells from desensitized animals can respond normally to PHA and antigens in culture and can transfer DH to normal animals after a night in culture . The ability of these cells and cells from immunized but not desensitized hosts to transfer DH is not reduced by a 16 h exposure to 30% serum from desensitized animals. An injection of 3 ml of this serum into immunized animals does not reduce their capacity for DH responsiveness . Perhaps this is a suboptimal dose but it is the maximum that can be given intravenously in a single injection to guinea pigs. The fact that serum from animals immunized as well as desensitized to PPD reduces the ability of cells sensitized to PPD to respond to that antigen in culture suggests that a blocking antibody mechanism may be responsible . This blocking factor makes it impossible to dissect the immunized from the desensitized state in our current system . A more definitive experiment to search for a desensitization factor that can nonspecifically block antigen stimulation of cells in tissue culture would use serum from animals immunized and desensitized with antigens that had not been administered to the donors of the cells used for stimulation with antigen. We are pursuing this approach . Our experiments demonstrate desensitization to be an actively produced phenomenon and leave intact the hypotheses that a suppressor cell mechanism is responsible .
Summary
Administering moderate (milligram) amounts of antigen to a guinea pig immunized with that antigen leads to a transient loss of all delayed hypersensitivity (DH) responses in that animal . In this study, we demonstrate that this "desensitization" can be prolonged for 10 days by repeated injection of antigen . At this time, tolerance to the desensitizing antigen develops in both the humoral and cellular systems of the immune response and DH responsiveness to other antigens returns . Repeated cycles of sensitization and desensitization produce repeated episodes of generalized anergy . Neither cells nor serum from desensitized animals could be shown to exert a suppressor effect when transferred to immunized animals and the cells responded normally to antigen and mitogen in tissue culture . The best generalized depression of DH was seen in those animals producing the best DH before desensitization . The inability of antigen to react with tolerant cells to produce desensitization suggests that this phenomenon is an active rather than a passive one and may represent an exaggeration of a normal regulatory mechanism for DH triggered by a regimen of antigen administration that activates suppressor cells to produce a systemic effect .
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